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Abstract 
 
Joint techniques are important to manufacture long superconducting tapes. It has been reported that GdBa2Cu3Oy (GdBCO) coated 
conductors have higher critical current and critical temperature than YBCO. However, it was reported that the joint resistance of 
GdBCO was found higher than that of YBCO. In this paper, the elemental distribution maps were investigated to examine the cause 
of joint resistance. Electron microscopy analysis of GdBCO showed the reduction of oxygen in GdBCO layer. This oxygen 
reduction may cause degradation of superconducting properties and increase of Ag-GdBCO interfacial resistance, which may have 
led higher joint resistance in Ag/GdBCO.  
 
© 2013 The Authors. Published by Elsevier B.V. Selection and/or peer-review under responsibility of ISS Program Committee. 
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1. Introduction 
 
 REBCO (REBa2Cu3O7-y, RE = Y, Gd, etc) coated conductors have been proposed for applications such as 
superconducting power cables and wires. Joint techniques to connect these coated conductors as well as fabricating 
long coated conductors with high critical current are essential to manufacture long coated conductor applications [1-4]. 
It has been reported that GdBCO have higher critical current (Ic) and critical temperature (Tc) than YBCO [5], so that 
the development of long coated conductor with high Ic in GdBCO has been proceeded extensively [6]. For the 
development of joint technique, it is important to realize low joint resistance and strong adhesion by simple process. It 
is expected that Ag diffusion joint technique using Ag stabilizing layer of the coated conductors would contribute to 
enlarge applications of coated conductors because resistance across the joint would be minimized by the direct joint of 
Ag without solder [7-9]. It has been reported that joint resistance depended strongly on joint pressure, and lower 
resistance of 6.5 ncm2 was achieved for Ag/YBCO than that of 37 ncm2 for Ag/GdBCO [10-11]. It was also 
reported that diffusion of Gd from GdBCO layer into Ag layer was recognized in Ag/GdBCO, which may cause 
higher joint resistance for Ag/GdBCO than Ag/YBCO. However, the cause of high joint resistance for GdBCO has not 
been clarified yet. Joint process for low joint resistance is required for application of Ag/GdBCO for industrial use. 
 In this paper, an YBCO layer was prepared on GdBCO as a cap layer between Ag layer and GdBCO layer to 
reduce joint resistance of Ag/GdBCO by suppressing the diffusion of gadolinium from GdBCO layer into Ag layer. 
Moreover, electron microscopy analyses were applied for Ag/GdBCO and GdBCO with additional layer of YBCO 
(Ag/YBCO/GdBCO) in order to investigate the coherence between the joint resistance and the microstructures of the 
coated conductor. 
 
2. Experimental methods 
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GdBCO was fabricated by a pulsed laser deposition (PLD) process on Hastelloy substrate tapes with buffer layers 
of CeO2 and Gd2Zr2O7, and the additional YBCO layer was fabricated on GdBCO layer by the same process. After the 
deposition of superconducting layers, Ag stabilizing layer was sputtered on these coated conductors to prevent 
degradation of superconducting layers. The obtained coated conductors were then annealed at the temperature of 623 
K to 773 K for 12 hours in pure oxygen gas. The surface of Ag layers were polished and cleaned in order to promote 
Ag diffusion effectively, and these coated conductors were set in an Inconel sample holder with the state that Ag 
surfaces were stacked together facing each other with an overlapped area of about 65 mm2. Then those coated 
conductors were pressurized at about 10MPa by loads and heat treated at temperatures of 623 to 673 K for 1 h in pure 
oxygen gas. After the heat treatment, the joined samples were cooled in the furnace to room temperature. Current-
voltage (I-V) properties across the joint part of two coated conductors were measured by a four-probe method in liquid 
nitrogen, the resistance (and the resistance area product) was calculated from the initial slope of the I-V curves. A 
focused ion beam (FIB) method was applied to the coated conductors in order to characterize them by transmission 
electron microscopy analysis. Scanning transmission electron microscope (STEM) observation and Energy-dispersive 
X-ray spectroscopy (EDS) analysis were carried out to investigate nanostructures and elemental distribution of coated 
conductors.  
 
3. Results and discussion 
 
The joint resistance, Rall, for Ag/GdBCO and Ag/YBCO/GdBCO was measured by the four-probe method. The 
value of joint resistance for Ag/YBCO/GdBCO, which is 10.2 ncm2 is lower than that for Ag/GdBCO, which is 23.2 
ncm2. The reason of lower joint resistance for Ag/YBCO/GdBCO is expected as the result of the degradation at 
superconducting layers. However, the value of joint resistance for Ag/YBCO/GdBCO is still higher than that for 
Ag/YBCO, which is reported as 6.5 ncm2 [11]. The reason about higher value of joint resistance for 
Ag/YBCO/GdBCO against that for Ag/YBCO may be expected as the presence of additional sheet resistance at 
YBCO-GdBCO interfacial region for Ag/YBCO/GdBCO. 
Electron microscopy analysis was carried out to investigate the difference between joint resistance of Ag/GdBCO 
and Ag/YBCO/GdBCO. Fig. 1 (a) shows STEM image and elemental distribution maps of Ag-GdBCO interfacial 
region from GdBCO. The reduction of oxygen was observed, because the transition of oxygen’s colour-contrast at the 
Ag-GdBCO interface is less distinctive than that of other elements in Fig. 1. Fig. 1 (b) shows EDS-line profile of the 
Ag/GdBCO, which was applied at entire region of STEM image of Fig. 1 (a). Potential reduction of oxygen is also 
observed at this region, because the distance between onset and offset of oxygen’s line-profile around interfacial 
region, which is 150 nm is longer than that of other elements such as copper, barium, and Gd. 
 
 
 
Fig. 2 (a) shows STEM dark field image of Ag-YBCO interfacial region for Ag/YBCO/GdBCO, and EDS line-
profile analysis was applied on red line indicated at Fig. 3 (a). Fig. 3 (b) shows the result of EDS line-profile analysis. 
The potential reduction of oxygen was not observed because the distance between onset and offset of oxygen, which is 
80 nm is the same as the other elements shown in Fig. 3 (b), while the distance between that of oxygen in Fig. 1 was 
150 nm. According to the results of joint resistance and Eq. (1), Rall for Ag/GdBCO is 13.0 ncm2 higher than that of 
Fig. 1. STEM bright field image and EDS elemental distribution (a). EDS line-profile (b) 
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Ag/YBCO/GdBCO. Thus, the potential correlation between the higher joint resistance and the reduction of oxygen for 
Ag/GdBCO may be valid. 
 
 
 
 
 
Furthermore, sheet resistance at Ag-GdBCO interfacial region for Ag/GdBCO was investigated further to prove 
the stronger coherence between the reduction of oxygen and the higher joint resistance. In order to estimate particular 
region of joined sample, where has potential cause of higher joint resistance for Ag/GdBCO, numerical value of joint 
resistance was separated to several components as shown in Eq. (1). 
 
                                                    Rall=2Rsc+2Rst/sc+2Rst+Rst/st                                                                            (1) 
 
where Rsc, Rst/sc, Rst and Rst/st represents the resistance of superconducting layer, interfacial resistance between 
superconducting and stabilizing layers, resistance of stabilizing layer and interfacial resistance between stabilizing 
layers of joined region, respectively. Fig. 3 shows a schematic drawing of concepts about layers and interfacial regions 
of each component for joined coated conductors. 
 
 
 
 
 
 
 
 
 
 
 
 
The sheet resistance at Ag-GdBCO interfacial region (Rst/sc) for Ag/GdBCO at liquid nitrogen temperature was 5.7 
ncm2. The Rst/sc was estimated by the four-probe method by subtracting the value of Rst, which was measured 
separately. Consequently, the total sum of Ag-GdBCO interfacial resistance (2Rst/sc) for Ag/GdBCO is 11.4 ncm2, 
which is almost same value as the difference between Rall for Ag/GdBCO and Ag/YBCO/GdBCO: 13.0 ncm2. 
According to these discussions, it is considered that the cause of higher sheet resistance at joint region of Ag/GdBCO 
may originate at Ag-GdBCO interfacial region due to two factors; the reduction of oxygen at Ag-GdBCO interfacial 
region and the diffusion of Gd from GdBCO layer into Ag layer. 
 
 
 
4. Conclusions 
 
Fig.3. Schematic drawing of concepts about layers of each component for joined samples  
 
Fig. 2. STEM dark field image (a). EDS line-profile (b) 
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It was succeeded to obtain low joint resistance for GdBCO by using thin YBCO layer between Ag layer and 
GdBCO layer. The investigation confirmed the reduction of oxygen at GdBCO layer on Ag-GdBCO interfacial region 
for Ag/GdBCO, which may cause higher interfacial resistance. The estimation of resistance at each component for 
Ag/GdBCO was carried out. As a result, significant value of joint resistance for Ag/GdBCO is identified as the sheet 
resistance at Ag-GdBCO interfacial region. Finally, these speculations are suggesting that the higher joint resistance 
for Ag/GdBCO may originate from two factors; the reduction of oxygen at the GdBCO superconducting layer and the 
diffusion of Gd from GdBCO layer into Ag layer. 
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